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(54) RADAR 
(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a radar in which 
only one front end is required for each antenna. 

SOLUTION: In a radar of array antenna configuration, 
each antenna 11^-11N is provided with a common front 
end 13. A first switch 12 connects each antenna 
cyclically with the front end 13 at a predetermined 
frequency and a second switch connects the front end 
output cyclically with frequency converters 19i-19N 
corresponding to the antennas. Each frequency converter 
191-19N converts the intermediate frequency signal of 
the antenna ll^-HN outputted from the front end 13 
into a base band signal at the switching frequency. 
Phase shifters 21i-21N and amplitude regulating 
sections 22^-22N combine the outputs from the frequency 
converters 19i-19N while shifting the phase or 
regulating the amplitude and search a target from a 
desired direction. 
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#T>7=--^1 li- 1 lN*jlH7n> Kl 3 

>f y f - > ^'ii«#:T'7 n V h > K 1 3 iizmm 
y^-^tmnm^mM^^i 9i-i 9NicA*-r^o ^ 

S^&ScffimSIl 9i~l 9N(±7n> Kl S^-ibttS 

i;i-*#r>xf-i ii~i iNOtt'WS?ft«-f-^;^'r -y 

112 li-2 ln'BLXfm^mm!l^2 21-2 2Ni±jgr&SS:^ 

mm 9i~i ^H(Dmti^:-iiM'yy ]-^^^^t<tmmmm. 




1 

^ ifiif ^ t * tc ® Mirsm^i^-r -5. 

7 a > h ^ > b\ 

yr--r(D'S:ime^-A^y^y vizxtjLx^^^ t 
myoy Y^y vmti'tmiryT-i-nmn'^tE.m 

t f ^ 1 IE«<7) V - ^-^s, 

#m -r ^ 1 IB^cO U - o 

Ty9--n'&m^mtL. minT.^ y-f-X'^ryy-i- 

^^m^m^mryT-i-{zmm-^m3(o:^^ -y^^m 

imM6] mm^ryy^-f-im^m^mtu ^7 
y7--rt^i(r)x^ y^fmz7y7-r^m\<r>7.y( 



(2) 1 1 -6 4 4 8 5 

2 

mm^i^^ixtzmm^-w^^ryr-i-izmmzxti lx 

pm<^ ryy- -f-mt^ ^9-y ^mmirih ztiWW^t-t 
[W*:^7] m^iOTy-fi-t. ^ryv-i-izMBL 

7 n > b ji > b\ 

F>^^<7?x ■> ^ y ifm'^&^X-^7 y-fi-iyuy\-x.y 
V (cItiSfi?) izmf^-t ^7.4 y^. 

#r >- x ic^tjs L TiStt Hlrffi4' Fb^JSIvS y^)u^ 

* A D ^-m-r-i. a d ^m^, 

T>x-?-c0S'»'(t-f-;6*-7n> bJO V^zXtlLX^^ 
20 ht^^ » i T>7^:MC*+lE:.-r^ADagfe^*LT4^ra 

#AD^mf?wtti^)'»^nf5:fflPM^;z,v^(±jlipIflS^ 

m.\^x^mrf-i>^t\zx.^Wi'^(DiiHi)^h<nuwm-^n 

[ W*« 8 1 frf e A D I- A D ^» 5' ^' 5 

> 5: -lir i6 HIS £ 7t i t t 

■kmTi.fzTX^-ryy- •fmm.o:) V - ^'-^tt \z a 

7n > b JO K, 

BtfB 7 n > b jc > ^ tt-l. + HJam-IS-f-=Sr A D 

40 m^-rhAT>mk^. 

y^^y-f-y ^mwLmznum.WL(r>Ty7-±(r>mwL^mn. 

L tzMtrnX' AD ^mm-t: LT 4^ FbI/SvS y^JV^mtii 
Kt-A*L-Cv^^ t^coABm^tatlim i 7>x-^-(c 

#T y 7--)-i,zMi^^ir ^ ADm^m-<^tiitim^^zimmm 

1^:^^ lb <^ 1 Sife; *if.*gi- ^ i t ^ttii: t -r -I, V - 5'-^ 

Co 

50 ISn*^l 0] 2-o<r>7yy-r. 2 OOT >-r-?-{rll 
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7 n > h ai > 

<75 * Pel SyS-B # S 7t (i--^- ;^ /o K«-f-tcjavSSS:^mi- 

Ist*:«ll] mrlS2ocoT>f-'^*iiSM*fflt 

[It*:ai2] 2ocor>-r±^ 2 OOT >7^i-(cilj 
iiJ*:fr|niit^gl54r«x.7t-=&y i-- 3^^111- 

7 n > h a: > K> 

lb ffi* $ ^x-?. 4> f4)glvfe«^ * A D ^m-r ^ A D 

T'U >^'*L■rAD^m^-(i•S•^^>•■/'J >^^SIJffll|pIf&^:« 

#AD^^^fltB:^lfi#^mfBR*i■M-^t Lx^nmnt 
7ti±ffiiH^j:t«L-csM«-i-coiij3tt:^iPi*it^i-;i> ^ t 

[0 0 0 1 ] 
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4 

xny ]-jL> V^:mif^fzl,fX-A^^U~^'mm.l<zm-ti>o 
[0 0 0 2] 

&«^Jg[B]tt«# O7i7>x^*-ii0i9#x.'i) :^f£, t fz 
4-E*-A(7)SIJ»-t:-(i, ,lili^«75^'jZ-gi: ^:^7t;^6^*;^5" 
CO ^fztb. m^-fltl ifc e - A ftlJW^g;^^®*^ S ^ 

[0 0 0 3] m^e«J'fcV:*-ASlJffllt LT. ItrJEW^U^ 

ScoJglB]'It(7)^^ -3 T > -r 19 #x. ^ :^vi , tl 

T > 7" ^ T V - -fb L T m^e-l -E- n 60 T > f- 
coSj[#/ N- - > ^-EScf ^ -)J-^f>^i) ^ c m^ii b' - A X 

(^mmm^. tfzi±m'^<7iT>'r-f-A^ib osrw jt-f-cDe 
20 MtiimE^mMLfz(D-tb^i&-t^T i'-T ^ yy X k 

T V - T > T- f-;5Mt*etl ^ o ^ C -Cii c: e, 

T > -r tf- AWJUpTtB^SB^g^mx 7t V - i'-^ 

[0 0 0 4] ■y^;^^(7)S'(tStt(±, ®r> 

■y^:()^f:,mf&^i^^:^\ tfzit. ©It^co T > x 1 
^x-e'^X(7) T > 7" ± L ;i R F UK i: - 6 <73 R 

>y--}-i<z-^ix-^-ivm^j:-ofzmm]t^Wfz-^. ^fihiW. 

7t::»'&-lC, T>7^^tRF^«IilE&^lt$§L;^ctJaoffe 

[0005] T^7^'f7'7i-fX KT V'-:^S<75S:'fSa 
«{±|1I2 4 i::^-t £ ^ l::, ^Sfcor U-T >-r 1 a- 
Int, '?-n'e'^XWT>7^f-tCii:^Lf::RFSit[llS&2 
40 a-2 n^«£/::RFS:«*l52 #RF5:«iIiE&2 a 
-2 n^-tjO-B-^^in^-^lS^^iPftSyl OTi^e^^o 
^^fx-rtLcORF^ffillii^ 2 a-2 n i±#T > 7"f-75» ib W 

[0 0 0 6] RFS:'(tgr>2 tiiJV^T, 2a-2n(±^T 
>-r:M;it:|SLy;:RFS:MIIlB&. 7 l±j*:ffl->7 h*^^ 

^■t^&mmwmm. s (±Mijiip^»^*^-r'S.ffiipi«ij 

»lfiI8&, 9(±^ffl5|&«^t?afe^o RF^fi|lIK2a-2 
50 nli-e^x-rtL, r>7^-?-l-J: i5S:ML7tRF«-f-?r{g:ll 
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5 

^iiipii- h R F ifiUSi^ 3 a - 3 n <h . f&lt^ifilil ^ ixfz 
R F \zm^m. 1 - ^ N Offili :7 h ^Jfe-t^ffi^ 4 

5 a 5 n ^Wmm^U^ «9 ffitf't'?) 

RFit^^^^r^iiSv^jt-^ (iF«^) \zm^mm%-t^ 
b i ^ 1 - N . igiUP^IiAi - An ^'<k:&Lx^m^m 

4 a - 4 n. MiUM^SP 5 a - 5 n {ZXt^^fho M^M 

hi. MiUPSft^rfiJW-r^- ticj: ^>&-gc^^:W 
/^° ^ - > %m L . 1/ - ^''ojiF.in:;^f^ * ^ ;i ^ c h 

[0 0 0 7] ]:^lAL\tTi-u vm^<^n'r:h^i)^. "rV 9 
;uJi#T * IE« L . X V ^ T n ^ 
11x.fcDBFN(Digital Beam Forming Network) i: ^ 
JMT'fc^^o DBFN(±I12 5 J: ^tcr^-r-fr 

y :x.^ XYTV--}5^tm'^£^.^At. (1) ^fSil^Jiflil 

f&M^Q^BEfiL/c.ar. (2) 6 a 6 n 

0 1 a- 1 0 1 n*l3:tt7'c,^,. (3) I F 7 ^ ;W ^ (i^J ^ 
7"v^;^tC^mi-^AD^mf^l 02a-102n*iS 
ttfc.«S. (4)ffiffi>'-7 hfflJ«/«i|iiSlJ«*D S P^^rffl 

[0 0 0 8] DBFN:&^0$«^4lli3V^X. 
7"M a--l n75-^<7)S««-§-«±fS»l«i«fflSf 3 a 3 

i&^m^^X^o I F-7>f 1 0 1 a- 1 0 1 nii#ll 

102a-102n(i:I ¥ m'^^'TV 9 )Vr~ ^ ^-^^ 

L. 7"v^;^v^'-^;byn-t -y^ (DSP) 

^^OiStiJ: t9fiffl»> »illM4:*^TL. in*ff 1 0(i# 

[0 0 0 9] X. 112 6tc^1-J:9t::. «&<ofifflv7 
b/ffiiHWM^Sl 0 3 a - 1 0 3m4r^tt. AD^^ 

^102a-102 n7^^Jbm;^$n^xv5^;l-T-'-^^ 
Steffi V "7 h/HitlPS^g 1 0 3 a - 1 0 3 mil^ft 
AlJ iiM^yy h/WiPM^a lOSa-lOSm 
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6 

•uWi<ni5n^-h(Dm-w^w\mzm\\ ^ ^i^^wig 

ti-^^ho ^<om2 6(ri%jSL'r:\t^ T <yy x.-xy 

[0 0 10] J'J.iOT^-r ^ y'y :i~-XYTV--)i^(D 
i^i)Hz^mm(n1jn'l:^k^'th1i^t LT^//^^;^x:^ 
^y6^^S)^o '^^";i-:^*^(iT^7'r ^ y y :x,-X YTV 

10 --li^trntS:^. @«%75^f.0g:ttm*^2O(7)T>7^ 

S)^vMiffiitii^j:l:^LTggco:^[p] (js-^iiJ*:S*i^) ^ 
#:tBi"-?>o 1112 7(i^y/NVi.;^:^^ov-^^^a 
(ii3tt^S«SP<^«;Sc:ll-e*i5. iioa, iiobfi 

T>7"^. 111a. ill b (ifS^i^^^RFifipIts^. 
112a, 112b 113a, 113b 

(iiUv^Sc^mfl. 114 a, 1 1 4 b(il F7^;i/^, 
115a, 1 1 bh^tlYm-W'k'rV^ )V\zmkthA 
"Om^^. 1 1 6 (i2oc0T>7^-^O5:'(tjt-^<7)fS:^a^ 
20 Jrh^i-^efflitgcHIK^ 1 1 7 {i2o<7)T>x-^t7)$>ft 

m^(owmi imrr^wmimm^. 1 1 siifi^^S) 

[0011] 2oO$jtT>x^l 1 0 a, llObfi 

m^m-^^^i^^-thi)^ mm\tLm.mo'ri)^{zmt^:ho 

TV^^o EWM^2<^<DT>T-i-:^-h^mmiZ$)ix\^, 
MTV-r-iMlOa, 1 1 0 b t::ilJ5i1-'i)S:M-^<7>f3z: 
L < . v^-r^x;6-<^ T > '^<7);:^tc^o T v>;}x{f , 
JO -f- ft^^^xo T > T- t^iUiti- ^ SrM^^ofiffi^ r > 

[0 0 12] 

[l&e«:^^^fi¥ifeL j:^ hi-^I^M] T>t-^S19»x.:&S: 
^ tir^bo n ?j (7) tf A ipl J:t«cS^^ & <7) 

tizx ^omnm^z^^7ioix:hfz^. Em(Dnm5i'mnmm 

^C0rZyy-i'(D}d^-M'gtT>'7-±(D:&m^Zj;iy)MWi-^ 

[0 0 131 r^T-^ry^^-XYTl^-U^RZ/DB 
50 FN:^ST-{±. miScOT>7"•^-^SC^i^^y^"^->S:>&^LT 
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7 

i^Hf)t;^fb^-ii:^ i t (Z J: 19 . iil^Stf4-tf*D*[6]<75ftlJ» 

:6^~'Brtist?s> 19 , -^m^mtm^ii'^ - 1 ^> Bisg-e^,^o 

ISitfttO^jSiO ^ < 9 7 ^ . f> CO / ^° 9 ^ - ^' COS. 

^e-ADBFN:^r^ (02 6) T-(±, ^S*^J:f)«il 

it Lfl CO R F S:* iaE&7!)^~'J>:-M t 4^ 19 . T ^' x 7' 

[0 0 14] mJi75^ib> 2^^§^<73gfl«II±, #T>T--^-lc 

7!/*^: < > ^TyT-r\z^m~ l o<;)-7a > b ji> 

tt ^ filt-C Av^ W - 5'-^g Jltt-r ^ C i: -^-S) ^ o 3p:|§ 

legate lo<7)7n> hx.> K^ISlt^filtt:- J: v^V- 
[0 0 15] 

{±, sE{-> (1) #r>T-:J-*ai::^tt<btL, mk7^ti-t 
JSfeS&^jfe-t ^ 7 a > )> JO K. (2) fllf^co 'f -y-g^ > 
f^^l coX'f ^-f-, (3) #T>7":Mci4-Rt-LTK:tt?> 

f EX 'f ^ > vm'i&m.x~m n ^ f^mm%^ ^ /c i± - x 
Y^^\zmmmm-^mmbM:^. (4) tufe^ 

uyyjuy Y^tS'km i T t i-Ml^S'nmt^M'imM^ 
mzmf^-t^m2<D>(.-( (5) m2<D:^^ y^t^ 
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yr-i-^yuy hJL> V (cft^-t ;e> HvSS: t 

CO pusft-f - ^ m * -r -?> ^ ^ « X , mmw.^ 

fi^a ^ V ^ (itHliI 5r t- -!> WteliliE& ^ IS It > #WK 0 
Jil?&&Smi?tcA^l L, #Mlv&Sc^mi? J: '9 ffiffi*)^ 

io [tmf^ij^^^^ivfzm^^nMi-tho mm.mmm<r>^ 
ffiv^h, wfsmmLfztmc^^-fymwx^^o 'nt-o 

[0 0 17] W^:K3<7)|&i^<7)V-5^^glCiJV>T, ffi 

^m-t. i<75J:T Minus ^W*.=&t»*-r-=ff 

>7^-^^iiS1f*fflti-;s>t ^icox-i- -yf-ejiiR 

$t^-7tT>•r•:^^^SMlal^&t7^> bi> Klc^clK::^ 

i^x^ ■y5^?:lBX.;E.o icoi T (c-tmi\ ® 
mi TyTi-Ki^mmX'§:m^®m2ry7-i-{zi:;i> 

30 ®»l T>-r-^-(cj;^^M/g:M— • • • tv^T 

«:Kfi^ r > X ^ L , ^-o i§- T > f - ^ 

J:^^l^, #T>-jrf-{cit®lcioW7n> KS:^ 
[0018] 5 CO|&?§CO U-^^^tt(±, » 1 T > 

40 lTy7-i-iiZ^m.-t^m3CD:^-< •y^i^^:ho Z(OX 
niiZ-tfn^, OmiTy7'i-i,zi::hmm/miryf-i- 

J: ^ Sff-*©* 1 T > X ic J; -g, 2 T > -r 
ifZii^^m-*- ■ • ®^i rv-r^izi^^i'M/IInT 
yT-i-\zi.i>'S:m^<S>miTyr-i-i<zx^m«ymi r 
>T"^-tcj;-&g:jt— • • • tv^T tz, miT>7^i- 
(n^im'imi'Z^mL. '(t!lcor>7-±^5:«#fflt::'ffiffl 
tr i-So X, #r >T--?-lc*ji(::io<07n> K 

[0 0 19] »*:«6<75§|^<^V-^SS{±, ^TVt" 
50 f-=Sr^$M*ffli: L, #T>7"f-t|^ 1 <OX-f -y^rBllC 
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9 

^mz<r)7.'i -y^^m^. mio^^ m3<7)>^4 

[0 0 2 0] mimi nmmt. mm(DT>r-i- # 

<Du-vm9.X'$)'o. Kv-^^'^aii^ (1) #r>7"^ 
>h\ (2) Bif^w>;^ -y^vi^^^^L^S-e^r >7"-t-^7 

n > > jn > K ICtf ^a<) izmm-f i>7s^ -y^^ (3) mifi^ 
(4) ^T^T-^-t-^tSLTlSttib^X. 

(5) » i T>7"f-<75S««-f-#'7n> ljuy KlcA* L 
TV^ati;, 1^ i T>-r:Mcjl:t|-jSi-^AD^3ltf|^: LT 

tLfdf. A/D^m#oai^ii±»*s 1 osmic^m#<7> 
[0 0 2 1] m^M8 (D^mou-rmma. ads^ 

f?0 mr^ A D ^ 5 > i'* * -55: $ -ti: ^ 7t to OMffi 

> ^'--c-y- > 7" 'J > L fz^m9^ iAD^mL x^mx 

[0 0 2 21 m^^9(o§km<oi'-r'^mi±. ^m^nr 
yy-f-t. ^ryT-'^^zn'^^i.xwnhix. xtim^<n 

-T>7=--^«*cov-^'^*i±, (1) ^ry-ri-^imz 

t^i>z^mm-i$.m-wi,zmm.^^^ti>yT3> hJ^>Y\ 

(2) filf^O^'l' •v9^>i'*S?^[i:-e#T>xf-$r7n V h 

> K lz<i$m&^ t-S^-t" * X ^' y ^ . (3) BU ffi -7 n > h 
-I- > F/4> f> tti:': ^ PB^MI?6'ft-f-* A D^^-r ^ A D 
^m^, (4) v5^>^'-Ja?fe&{CB^|Smic<^T>T■f- 
<7)i@^=&»#L7t®^&icr♦AD^j^^* LX'¥mmmy 
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•f-(0'§:m\m-^i}^y^y Y<,ZKtS\^X\'^i>t^<OA 
^SSrffix., ^Tyy--f-izMB-r:hAD^m^(Dmi3m 

wi^zmmm^ i> ^^i±wmmm^mLX'km.-ti> - 1 

m/mmmm.^^ is: tt s tt -t?- a v ^ Tt: * > * i- s -t, 
-(^fflf r>p° ^BUjit L xm^ immzx^:ho 

[0 0 2 3] tt*:Sl OO|§0^c:)^-^7-^Si±^ 2oco 

70 ryT-r. 2'0(0Tyf-i-izm^-t^Kmm-^<r>WSl^ 

S-i-W-^-coiij*;^!^] ^ it^i- S iiJSt*[5]«SSr> ^ « x. ^^e 
y /^v^x:^^co v - ¥m.m.xh 19 , |g - ^'^sii^ 
(1) ^ry^^^mzwinhix. rnkx-n-f^^ryy- 

^lifs-r ^ t it (I >t> Mlvft 
-t ^ 7 n > h ji >- K, (2) FJf^oo;^ -f -y -f- > 
#r >-r-^S:7n > h Ktc^clKcS^^-r ^ » 1 

(3) ^rVT^-^-lz^ttDLT^ffb^x, flJfB7n 

>- h jc> t, ttjtii- ^ 4^ mnm%^-^m%ty^ ^ y^y 
20 vm\$Mt.xm CO ^ m ^mm-^- tfzi.±^-y./^y Kft-f - \z 

iivSifc^j^-r -sja^m^mt?, (4) iiriaip 1 cox ^' y ^ 

lclWI^Lrx-1' -yf-Vi^L, » i T>T--^-<!0$«'(t^:;!)^ 

ai*)^» i Ty7--rtmo:>m^mim.m^mz^mt:h 
^mtim^^wmK^m^t Lx^(r>\tL^tfzf,±mm'^ 

[0 0 2 4] il^RSl lcOf|§?(OV-5^^«(±, 2o<7) 

ryv-ri:m^m^mtL. y^f-xmn^n 

fzryy^-nmmms^tyxjy >j^> Kicicst-ftltl- 
i.»3 (OX-f 7-f-^:|ix.-5.c >lc0J;-9 ®» 1 

T > -r ± * ^M/^'ft— 2 7 > T- i ^ HIM 
/S:«^(3)»l 7>7^f-tcj;-2,^^ffi/5:«— • ■ • tv> 
T J; 9 IC^cElC* 1 > ^2<07>7"^?rjliRL, ;4^o# 

40 ryy^i-^^m^miz^mx^^o -r^£t>^. m^-^i 1 
-r^zb^^x^^o 

[0 0 2 5] m^m 1 2 comm<DU-ir^W:li. 200 
7>-r-^-, 2-o<nTy7-ir\z3\^-t^KMm^(^\-m'Bi 

xft tz[±wm'k^m.-r^im.u. tmm^\zm-:s\'-xK 

y/N-;ux:fr^coi.-r^S-e*i9, m^~rmwtM 
iz. (1) #7>7^-^-^tjiiz^tte>ix> fll^Xi)1-^#7 

50 yy^i-^mm-^t:m«s-t^ t^iztprmm.m-^KmmwL 
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^^■f^yuy }^jLy Y\ (2) P/f^c7)^-r ^>^^Jar£ 

(3) ^T>7^-^(c>f^)SLTfS:lt'bn. mriS:7n> 

Dffifeti^. (4) » i T>T--^<7)S:'(f'(f-^7i>^^'7n> hJii> 
KlcX^jLTv^^t ^ i T>T--^tit+)£^-t^AD^^ 

^'SJi«@i?&^ex_. #AD^mflffi^J«^^frfSSMfi 
^ L T ^ CO fiffi i {tmm ^ JrtlSe L T R#«^c7)iij3tt 
:^Ifi]4:*6^i-^o c:coJ:^c-m(i\ A/D^^flotH 

[0 0 2 6] 

(A) mimkm 

(a) 

^^{ZT^'Lxi^n. DBFN;^^o5:'ft«iS:^«x.Tv^ 

;e,o m*. 1 ii-- 1 iN(±iifft:^/^^coKttmtJ^S:« 

i-^'fX#:cOT>-r-^. 1 2 o;:<.-f y^tr$>i9> Hi 
2 tc^-r J: 0 KJUv^^ifcf b J: *5 

a::> KiCg^f '?>o 1 ^t^T y J-^^M^zm^ hivfz 
•7n> hJi> K-tr*>i9. (1) ^T>-r^S««^^j&*t 
^Jfi|iii--2>RFiiipgf^l 3 a (2) ^ U T^rSIS:?: 

f c. ^-x^o Ym'i^Wi^ f b iivs&f 
Lo (=f c-fb) (DMw^mm^i&^ti't^mu^m 

^13b^. (3) RFJttlS^i: t9m*$^x^RF{t-f-tC 
jam^fcfLo (=f c-f b) 0^g|S|§4g«-^^:M^LT 
RF«^*4^Pam{t-^tijavSIS:^mi-;E,^^^j- 
m^}^^) 1 3 c t*LTv^;|>o 
[0 0 2 7] 1 4(i»2<7);^-f 'yf-T?$)t9. »lco;^-f 
-y-^l 2 tl|WI*SLT:^>f y^y^^l^. » i Ty^^(0^ 

mm^t^vuy hj^> Ki 3 {lA^jtrv^^ t 1^-7 

%igt^. 1 6 (±;^>f ^ftlj»gptr$>t5> ll«N • f s 

SN^rffi^jL. »20;;^^ ^y-f-l 2, 1 4 

■t-l) t<7)-e*;S>o 1 7i - 1 7Nii#T>T•■:^UWJ£LT 

LTffi^]i-^^--/^V^■7 ^ 1 9i-l 9N(±^t)S-t 

^IFy''l';W5^1 7i-l 7N;^/^^ffi:^/i-^ I Ffg^tl^ 
Sr>l&ffiffi^ =^ rS.^" L T SU <30 4» Pel H Vfift-f - S ^ - X / 

o 
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[0 0 2 8] 2 01-- 2 0N{i#iavSm^m^tB^3^-rv 
^^t^d^m-t^AD^Jft:^. 2 li-2 lN{iA^;«'?-t:: 
B^^S?5i-?iN<7)fi:fgv7 hS:Sfei-5|^5fBf|. 2 21-2 

2 N ffi* ^n-^ jt^coWi^p^i-^»i 

sift^r>. 2 3. 2 ^xt^ix^^ixmmmm^. mmm 

liSttAi -AN^ft^tT^f^ffif^2 li-2 In. 
PMfP2 2i-2 2NtcAl3-t'?)*>C0. 2 5(i#mililPM 
70 S52 2i-2 2n J: t}ai^Jl-^'(i-^^^JSLTtBtfi-'?)SP 

[0 0 2 9] ( b ) idf^ 
#r>x^l li-l lNt:S«^n/::#RFjt^ii^l 
x^-y^l 2tiJ:*9afS?&f ^xmwmzWR^ixxv 
n> ]> jr.> K 1 3 (lA:tJ > f jc> Kcotti;?:i(i|| 

1 X>f ^iifWJfiHLTX'l' -y ^ttfP^ff ^»2 X-Y 
14tC7l*R^^X. I F7^;^^S^ 1 7t- 1 7N^:^^L•rj§| 

r6«Sc^m§f 1 9i-i ^xi\zx-h'fho -^tsiio^^ »2x 

^-y-f-l 4{i:»lX>f 7^1 2 (iIWlt|LTX>r -y^Uf^ 
20 ?:ffv\ ^iT>T--fll i oSMM^i^O^^^uv 

Kl 3 tcA*LTv^^<hl^. K7n> ]>jl> KtB^)^* 
i Ty7-^^^^(nwmm^^ \ 9 i (c«a-t^o 

[0030] r^x-^ 111-1 In II J: t)$MLfcRF 

T{f-f- (RF«-^) (OWim.. f b^r^-vUrft^-efflJ 
K^t-^cojavSi:. fLo (=f c-f 
b ) ^ ^SPf§ig«-i-C0|&SJirS^, f s ^ X ^y ^ > ^' 
30 »1. ^2X>f -y^l 2, 14<;)X-f 

if^^-t^o ^(nm^kzwrnki^^ (=f c-fb) o 

^a5|&«M-f->&^^^^-»J-i 3 c-evs^^tt^E) tUS (b) 

^ 1 7i - 1 7N{iA:tji-'?>o 
[003 l]#IF7-<;U^^17i-l i\i\±m2(n^M. 

^ir^'t^nmiSL'^mz^t.ix^iYm^ {^f^wiimi 

s±f bcoM#) ?:S*^LTffi*L. Sr&iJl^m^l 9 
1-1 9n(±if^^;i^^i 7i-i 7N75^e>A:^j-f ^iS-f- 

-§-?:?s#L. a 3 (c) tc^-t^-x/s'> K^t-^^^^p 

trthiJi-^o ADSmil2 0i-2 0N(i#iir&^sm 
f?i 9i-i ^^xmm^ixfz^-y.^'^y Ym^-^TV ^ 

)\^T-^\z^^'tho \uMwmm^2 zmfwmmm 

PMifiAi-AN^*^LT##ffif^2 li-2 In. Wm 
mmB2 2i -2 2NlCiS:^-r^o 

50 [0 0 3 2] ^mm^2 1 1 - 2 1 N. mmmm^^ 2 2 1 
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-2 2N(±AD^mfl2 Oi-2 On J: ^0 Xll LfzTiy^ 9 

[0 0 3 3] ( c ) » 1 mmn 

0 4 (i» 1 *M1^joailiitt«(7)Sij(7:)8jS^!l-e* «9 . ll i 

MttAi -AN^f^ffl^-iirTJlfpill^LTv^^o L;O^L. 
0 4 co^ 1 ^"Ftmxit. ^27.^ y^l 2, 14 

[0 0 3 4] ililiI*lJtfilIlK2 4' (i|l5tl^i-J:^ 

X ^ «y ^SlJtWSP 1 6 ' \±m 6 J: 9 {zM^&Wl f s t:^ 

^t-^o ISl > IS2C0>;-f y-^ 1 2. 14(±T>-rf*S 

n> bjc> HlcAi;LTv^;i)B#FHl, 7u> h^o V\iM:i 

ipS i: ffiipS ( i ^ -Tr * -i) *!> . ^ ^° ;w ipl Wi - Wn 1 1 JS C T 

^ryy-i- 1 ii-i iw^yuyy^Lyyi 3 ^^^^^ 
L. ;^-o, •7n> bai> KtB*^:^T>T"^t::^>l-)S^^ 

Wn ^iiflH^ftAi - An tiSUT^cjl^ J: n \zmm. 

[0 0 3 5] (d) m2m:m 

Mnmmhi^^^o ^^x\ m2mmxi±m^mm^. 
m 9i- 1 9n<DmnMWm'^'(o\±myy b*. mbh 

^WX^:bX.n t::LTV^^o gl 7 ii» 2 

Tv^^o Sv&m^^tll 9i-l 9N<7)^SPf§ffi«^f±n 



(8) #r?IT 1 1 - 6 4 4 8 5 

m@S<^'»i4:»IJ«-t-;i)#^i§|2 11^-2 In. MiUMfi 
952 2i - 2 2N4:f5:ltTv^^o n "7 < ^ 

1 8 iix ^ ^ty«$P 1 6 J: 0 llv^l^ f s co*Iff^v&* A 

[0 0 3 6] fS:^gW«[aK2 3. ffii|iiftijffllll6&2 A\m 

"i=Tn J: ^ bi^Ji - ^N. MflilllSffiAi -An 

S:?*^L-C#fl^^Bf|2 I1-2 In. SiplPtt^P 2 2i- 
70 2 2Nt::^^-r^o ##ffi^2 I1-2 lNli^SBf&ig« 
-i-UFif^* 9^ 1 - ^ N cofiffiv 7 b L. m^m^tl 2 

2 1 - 2 2 N (i^ffifl:?^^ h^tl^i^^ jt^UWsPMit A 
i-ANOMflilPft^te-to -(JOlg^. 9 
1 - 1 9N<7)aiiJt^fi«v-7 M:^i - ^N. SiHPSttA 

[0 0 3 7] |II8{in-yN°X7^ 1 8 C7)th;^]isijti^ 

om*ffiii«ii&ftij»-r^ainps^i2 21-2 2nc7)^^^ 

ttf<:^3Sf^«T^$>^. llllC0^1^MMt[WI~-gP5^tI 
c7)ffllJli(l^<7)ffltJffiffi^ftiJ»1-'ip^ffiS?2 li-2 In 

co<;2^«rfstt7t»4^ff^'^jT***9^ mi(omi'^'^mtm 

[0 0 3 8] (B) m2%mm 
(a) m2^mm<Dmm. 

^iti^LTist}. miim.mt^-'U6i'kz[tn-^^-w 
=&#LTv^^o »i^M0!i (mi) {zi^n^m27.^ -J 

^i4hiF-7>r;i/ ^171-1 7 N jarS^Sem^ l 9 1 

30 -19n^^*L. 7a> KtB^l*AD^^^2 

oi - 2 ON(igii-r^o X. ^yy)yv%mm^3 1 

=r^tt. ^iTVT^-^ll i 0$««#;^^^'7n> bJL> 
Kl 3tiA*LTV^-?,t#. » i r>'r'^tc*tJS-ri.A 
D^3ftf&2 0 i (D^i)^yu> b ji> KcotB::^?^-!^^^!; 
> L T A D ^ J: ^ $IJf§|l f ^ o 
[0 0 3 9] mi 1 liTy-ri-l li - 1 iN^ilJR-^^ 
T>-r'^«lR>ft-f'Si-SNhAD^m^2 0i-2 OnO 

^yy°') yvm^AD i -ADNCo^^-f i.-f-^- b-t?* 
^9. ryr-'TmMm-^s i (i = l-N) (7:>±'^±:^^n 
40 i^zMMLx^yy"') y^^m-^AD i:^^jL-^±i)^n . AD 
^«tff 2 0 i itmmm^yuy Kcotb:(j^t-§-=&Hf 

#ADamfi2 oi-2 on(Dmt]i±mmtkm(Dm 

^i&mMi^^l 9i - 1 9NCOa:5iJ=S:-^>"7''U y^LXAD 
^mLfzLfzi>(Dt^L<rj:^o iJ&oT. AD^5^t^2 
0i-2 0u<Dl^t}^m^^2 li-2 In. igiHti^SP 2 

2i-2 2NUft*&L. mmoyyT-i-Wcm^^^-yif^ 
jSL-th^n\^^ry^^i^-h <D^mm^(r)itm V "7 b 

50 ^"S;-rtLifR^a<7):^f^:i^f><7)gg^coiS4n:6^^f^ 
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10 0 4 01 m2^mmizxix{t\ mimmmiz^^x 
ft'ijiit-t-i)- i:7:'^^'tf§-?>o m2mMniz^\^^x^ if 

7>f;Vi5^i 7i-i 7Niiiocoi F y ^ 3^ -XT^m-t ^ 
Ztib^^X^:ho i-^:^^^. •7n> ha^> Kl 3 (c lo(7) 

m§|2 0i-2 ON(i»^t-t-i) J:^ t:i«;3S(:'c'^^o 

[0 0 4 1] (b) mimm 

mi 2 i^m 2 mmmcom i ^fm-r:^^ mi o com 2 
mm tm-u^^zim -w-^ ^ # t r v ^ ^ □ » 2 

-2 On-1 <50P^tza]EiIliE&3 2i-3 2ti-}i%kiffcA'V 

M5£[iIS&3 2 1-3 2H-^^mif^^tiZJ;: I9 > # 
AD^}^ts^2 O1 - 2 QH<D-^y'7''V y ^^RllAUm^^ 

[0 0 4 2] ( c ) » 2 mm 

mi 3it^2^mmco^2mm-(:^^iu iiioco^2 
mmmtm-u^^zim-w^ii-tLx^^^^ho mi 4 a 

(1) AD^mfJ2 0&#T>"r-^*StClotcL/::.#.. 

(2) 7s4 y^l 2(D7s4 v > ^^iSvS&N- f s — 

^Ht> v"^; ^^'LTAD^J^LTV^^.ar. (3) AD^m 
f|2 Oc7)#-9->yu V^^iJ^n-y ^tci3^t^AD^^^•r- 
^^^T■'-^5^SSS^l««4 1 tlA*LTV^^..S^ (4)-f-'- 

SK^O^S 4 1 m^^Xti $ V ^ ;u -T- 4: gl 
1 4tc^i-j:^ti, ^lT>x-M liCJO^l T-^-^ — 
»2 r >-r:M 120JS1 x-^— - • »NT>-r 

~^^2T>T-±1 l2COm2T-^-^ ' ' --^IINTV 
T--^! InCOIS 2 7"-:$'^ • • • t LT. ^ tCHSS 

^ijLTv^^.a;, {5)r-^nmmm.4 1. mmmm 

1^2 3. «ipifIj»[aE&2 4SrDSP (-r v 5^ ;U v 
Ai - An (DWmm^ ^ -^ix^^irtk L X^^m LX\^^hA 

X$)'h o 

10 0 4 3] ^2^ff^0!)tzi5v^-c, m^<nT > y^-tWiM 

CtLejOft-^-^-g-j^gLTtB^Jl-^ i i: J; fjejto:^!"! 

i)-h<DEm^ <75^il*n*Wffi tc ^ o 
[0 0 4 4] (C) »3*m« 
(a) M 

•5, #i::^«mw«^llt?*)So 5 I1-5 l2i±l^l» 
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l±»l<^);^-1'•y^r-^)l)^ -^-xm-v K)g?stfcf b J: 19 

3{±^1, ll2T>x:^*^iU^tt'b^^/c7^> hJ:.> 

FitflHSSafc, (2) ^ -VU T MlvSS^^r f c , ^-7. 

KiUf^a^r f b t-t-l, t UrMifLo (=f c- 
f b) (7)^ffif§M1t-f-?rtB*-r'g>^fr>#&*lll5 3 b 
iO (3) RFififSIIJ: l)ffil)^^XSRF«-f-tr®^SSS:f 

Lo (= f c - f b) W^^PI§li'(t^*?S^"LTRFjt-f- 

:g|) 5 3 c ?:*LTv>-&o 
[0 0 4 5] 5 4l±»2 0y5,^ •y5^t?*l9, ^\(r>7.^ 

>-r--^5 1i, 5 l2W^««-f-7!)^~7n> bJO K5 3 

-^Si-S2 (I1I2#BB, /i7'iLN=2) 5:ai:'3L, IS 
1, »2<7);^'f 7^5 2, 5 4 traffllf-a *)OT-*^o 
5 7i - 5 Tafi^TVT^-^-S li - 5 1 2 CitfS LTfSllt 
"b^x, ^2Wy5.-l' 7^1 44r^rLT7n> K5 3 

L, BlTaoit>PBlS?S^^^rMpS-r'2. IF7'r;u5', 58 

X^-fi-^hu-f^T^V ^ jUfr, 5 9i ~ 5 QiUMJAH't^ 
IFy ^ )V9 \ 7i-l 7ii)-h^tl-t^ I F-if-§-lC^615 

[0046] 6O1--6 Qzlt^MiimM^^^tSkr'J 
5';HC^^^^AD^1&S, 6 1 {±2O0r >-r-:J-OS 

mm^'^m^-kVcm.-fMtLmt'mm^. e 2 (± 2 oot 

>x^coS«ffi^<^Sil'I^rJ:l:«ci-^SiliiJ:tic|l]K, 6 3 

^-e^)j;v^o 2 o(7>seT > -r -^-5 ii, 5i2(±{a{rra 

lS!^75*2ocoT>xf-7)^P»^gE?ilc^,^xtf, WT 

>-r-t-5ii, 5 \z\z3m-t^^mm^<r>\uM^tm\^ 

CO T > 7- ± iciljit-r ^ 5:««^cof4ffi^ t T > 7^ r^l RS 
i)-hm^m^-)3^ ^ritfei-^sctd^-t:- 

50 [0 0 4 7] (b) I&f'P 
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#r>-r-^5 li-5 l2t:Sffi$^^7t:#RF'^S-f-^i^l 
7-^^ y^b2hz^y) mm. f s -eJcS ^ivxyu 
> b ji> K5 3 (CAIJ L> yu> Y(o^ti{tmi 

4 t::il*R^;tx. I F -7 >f 5 7i - 5 72^:^rLTJglv& 
S^^m§?5 9i- 5 92tiAtii-^o ^2:^^ 
'y -f-.S 4 lis 1 :^ ^ -y -f- 5 2 {z^m LT;^ >f y 

^fv^ »1 ifc(±^2r>-r^5 li, 5 l2C0$'ftjt^ 
T&^-yn > b Ji> K5 3 icA^J LTv^^ <h 1^7 o > h 
Ji> KtB:fj?:»l, S2T>-7--^5 li, 5 1 >r+)£colI 

[0 0 4 8] r>T-"t-5 li-5 12(IJ: JQSiStfcRF 

^^'^^5 2, 5 4<7):x.vf -yf-i/jf^-trllis (a)^^^-?^ 

f Lo (= f c - f b ) <7)^gp|feM«-^75^^^ ^-9- 5 3 c -tr 

?l#§n^<hI33 (b) tc^-t:^^^ h ^ A5}-:fiT^r^"t 

^o^IF-7^;l-:J^57i-5 7 2(±|I13C0.«irJf.lr^-t~* 
Pfl®vS^ittC#4:IX^ I F«-§- (ft'PBlJUr&mf s ± f b 

4S*RLT/±i:tJL. JtlvS&m^fs^S 9i-'5 92 
(il F:7^;1.^ 5 7i- 5 72:;0^f^A:/:}i-'ijit-^U. ■71' 

L. 1113 (c) ti^i-^-;^^>'> KW^^apLTffi^; 

[0 0 4 9] AD^am§|6 0i- 6 02(i^jilvSm^mi5^ 

5 9i- 5 92'c1IP^ixfc^-:^/>*> hMS-^*-rv^;U 
-r-^^U^l^i-^o fiffllt«c|pll^6 1 {±^ix^'^xor> 

X> *gili§J:fc|3CllIS&6 2(i-e^x-?^'^x<7)T>T-'^(::gJ3t'r^ 
^te-^J ( w J: ^7 1f^<D U - jo V ^ 

[0 0 5 0] ( c ) mm\ 

mi 6{tm3mmmommx-&:ho msmmm mi 

5) Ui3tt^S2;^-f -y^S 4 ^> IF'7^';U^57i 

- 5 72>ie(^^u)llrS#:^!^Sl5 9i - 5 92^P^*L. y 
n> h KiiiiJ^ADaj^:§i:6 Oi - 6 OziiZ^mir 
^>'7-U >^*flj»[ilf&6 4 =^^tt. S i ( i = 

1, 2) ry^i-b i \(D^miw^^^y^y h^y V5 
LTAD3^3^i-;s, J: 0 i^zmn-r^o 

[0 0 5 1] #AD^m^6 



(10) 1 -6 4 4 8 5 

01 - 6 0 2(Dmt}i±m3mmn(om^i^sc^i^^5 9^- 

5 9 2(7)m*^^f >i5^*LTAD^mLf^Lfc*)0 
tmL<^j:^o ?^oT. ADSSmt^e O1 - 6 02Oai^J 

immnmme i. 6 2 tcfit$&L. im 

imm^e 1. jiipUrbKEiK 6 2'c^'e^^'e^^^cor >f-^ 
izmmir^^mm'^(omm<^. mmmA^^ibxii^^t} 

MA. T>f-'^PBlRi^^fbjt-^iiJ*^f^ (gStio:^|5]) 

S:a^LTtl:i*'t-i)o Z<D^mUzXiVi^. » 3 ^Jfe^fl 
lC«--^T^f VV-U >^*W§Pia8&6 4(±iix.-l)7&^ S2>; 
^ 7-5^5 4^]iIrS&^mfl5 9i- 5 92^«ffl&'ei^. IS 

mush i mm-t ^^t ^^x ^ :h o 
[0 0 5 2] (D) m^^mm 
mi 7 itryr-f'^M^m^mir^m^<r>m4mmm(D 
u~vmm(^mj&m'r:^i>^. micomi^mi^wtm-ir, 
6^izim—W'^inLx\^>:ho mim^mmitryT-i- 1 
ii-i iui'S:m^m^ziimi~^m^^'^'^^^K 

mm'r:ltryy^±l li-l lui:m^m^z^mir:ho m 

20 12 xm^R^MzTyv-i- 1 ii - 1 iw^m.mm^7 1 

tyuy^juyYi 3 [z^mzWi^-t <^y^^ y 
X^ho Sl>^^ '^-^1 2l±|I|l 8 tc.i^il-e^i-J:^ 

ryri-m^m^s^-snkzx. nnwrn^zryv-^i i 

1- 1 lN*^WRLT»3;^ < 7-^-7 2 »3 
'y-f-7 2\t^l7.^ y^l 2xmiR^fLX\^^hTy 

'Tir^m.mm^7 ityuy bai> Ki 3 {z^mzw^ 

[0 0 5 3 ] a.±.[zX, {9^ ®Sl T>-r-^l li \Zi:h 
mmX'S:m—^m2Ty-Ti~l l2tcJ:^iS«/S:ji— 
50 • • • (3)SNT>7"-t-l 1nIcJ:-?)^«/$«— S)»l 
r>T-^ 1 ii tiJ:^iiM/'S«— • • -tv^^jz^tz 
1fmfi^icT>T-":M li-l lN^»RL. 56^o#T>x 

'rim9:mic:E,iziim'r^^t:^^x^^o m.-ox, S4 

[0 0 5 4] (E) S5^*fe« 

-^^0 lai ditmiry-Ti-i l^(D^m^m^mL. m 
(DTy-ri-i i2-i iu^^mMmtLfcm5mMm(D 
u~vmm<r>mff^mr-$>^. mKomi^mmtm-u 

^l^zitm—W^'tiifLX^^^o mi 9i^Z^\.^X^ 7 1{i 
i^mmS^. 7 3{t^3<D7^ y^X^:ho ^3(r)74 y 
•^7 3 ^1(D7.^ y^l 2 trT> T-*^l li-l In 
iyuy V^y Kl 3 Wf3SalJti«|^-t'2)<7)i:3c5:i::iS 
«ia^7 1 ^mK^ry-T-i-i li USI^-t^o -t^^:) 
m2 oo^-f A^^- hii^i-j:^ ti. ^T^'T't- 
1 li-l lultT.^ y^y^*m^mf s(DTy'f'i-mti 
50 S 1 - Sn tC*o'v^T» i;^>f*y^l2tcj:l9 ffi^fi^j 
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mimc^ • f s(D'^mm^mwm-^TR[zm<^\.^xm^ 

(OT.^ 3\zi ^nmmm^i 1 [zw^^i-^xmmz 

i\:hX.n\zy.^ y^nvmil 6 (ir >x-^^4R«-^ Si 

- s N 'RmMmmmmmn^ t r ?r f&^-r ^ o 
[0 0 5 5] ^(o'^^. (^^iry-T^^^zx.^hmm/m 

1 r >'r-^tcJ:;E.S:M— 1 Tyj-i'^zX.^mm/m 
2T>'ri-{ZX,h^m-* ' ' • ®»1 T>•r•:^^zJ:^ii 10 

jf/^ 1 T>T--Mi Ji^SW— • • • t\^n^n\z^ m 

iry-fi-co^im-Simiz^mL. \^(Dry'r-r^^m 

10 0 5 61 (F) m^mMm 

I1--I lN^S:«#fflt::1£ffli-^%^T'*;E,;{?^ 

mmxitryv-i-i inim^m\z^m-fho m 

2 1 (CioV^T. 7 litmmUl'^. 7 5i-7 5n(±^T> 
7"t-l li-l lN<i:»lc7)X-f7'^l 2m^zm^'fhixfz 
m3(7):^-( y^X^n. T>x-:M li- 1 iN^r^lcO 
;7.^ ^ 1 2 tiS«IIIE&1l!Jt::W/^H^t::®^Si-'2) io. 7 

6 (i^ T > T- AiJ -r ^ 3ll«t-^<7)f5:*B * ^ vM±®ipi 

7 5i-7 SNii^ft-^^f ^;UtIi3V>T. |w|Pf (Ififfi . 30 

mm^m^i e ^^t>t--^ i ii- 1 lu^zm^L. # 

[0 0 5 7] X ^ -f-ftlJWSP 1 6 It^iw 1 

^7 5i-7 b\\\±]^w\x\tLm^^^^\twmm^^i^fzm 

t^\z^ mmt^'Klz^ ^ryr-i-iryuy VJi-y VI 

si.zmmmizmm't^ {^m^4^)i^) o -o^^. ® 

T>v-i'izX^mm/m2T>7'i'liZX:h^m— ' • • 

> -r j: ^ ^SM/^ N T > T- ^ t:: J: ^ 

^z];:nmm^^m:^'^mzni^ix:bo j^-l. ^e^ifei^j 
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m^f^fzifM.<. L7^^*>. #r >7^^=^:^iS*ffl-r'2)- 
> ^ c 1 ^ o 

[0 0 5 8] (G) »7^Mi1?U 
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